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We examined the neuroprotective and neurotrophic effects of Tremella fuciformis. The neurotrophic effects of the hot water 
extract of T. fuciformis was evaluated by microscopically monitoring its potency to induce neurite outgrowth in PC12h cells. 
The hot water extract of T. fuciformis promoted neurite outgrowth in PC12h cells in this study, superior to other natural 
substances which was reported previously. When cells were treated with the hot water extract of T. fuciformis prior to J3- 
amyloid peptide treatment (active domain of A peptide 25-35 treated), toxicity was significantly diminished (p < 0.01). These 
results suggest that T. fuciformis might potentially be used as a precautionary agent in neurodegenerative disease, such as 
Alzheimer's disease, etc. 
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Alzheimer's disease (AD) is an age-related progressive 
neurodegenerative disorder. It is the most common form 
of dementia affecting approximately 5% of adults over 65 
years. There are currently more than 4 million AD 
patients in the USA, with AD having the 4 th highest mor- 
tality rate. Patients with AD are expected to increase by 
15 million in the next ten years. In Korea, the growing 
senior population now accounts for 7 percent of the popu- 
lation, with the prevalence of AD growing accordingly 
(Suh, 1992). 

As a result, the economical and social problems related 
to AD are expected to grow dramatically in the future. 
Therefore much global effort has been made to find com- 
pounds with preventative or therapeutic effects toward 
AD. Through these efforts, nerve growth factor (NGF), a 
product having a therapeutic effect on AD, was character- 
ized representatively (Brinton and Yamazaki, 1998; Fuku- 
naga and Miyamoto, 1998). However, the NGF exposed a 
number of problems in clinical study, such as delivery, a 
short half-life and poor penetration through the blood 
brain barrier. Therefore, the search for new compounds 
with neurotrophic activity has been going continuously. 
(Lee et al, 2002; Jinghua et al, 2000; Hur et al, 2001; 
Yamazaki et al., 1996). 

In recent study, Liu et al. (2003) reported the neuritoge- 
nic effect of the alkaloids obtained from Codonopsis pilo- 
sula (Franch) Nannf and Kawagishi et al. (1991) also 
reported the Hericenone group which stimulate the syn- 
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thesis of NGF was derived from Hericium erinaceum. 

/2-Amyloid protein, a 40-42 amino acid peptide pro- 
teolytically derived from a larger /?-amyloid precursor pro- 
tein, assembles into insoluble aggregates forming plaques 
and then accumulate as insoluble extracellular deposits in 
the senile plaques of AD patients. It is generally accepted 
that the /?-amyloid peptide is potentially important role for 
in the pathogenesis of AD. The molecular mechanisms of 
/?-amyloid peptide cytotoxicity are also closely involved 
in the generation of oxidative stress (Goodman and Matt- 
son, 1994). 

Species of Tremella belong to the so-called jelly mush- 
rooms, which form gelations fruit bodies. Tremella fuci- 
formis, belonging to the order of the Tremellales and the 
family of the Tremellaceae, has been appreciated as an 
edible mushroom. Especially the fruit body of T. fucifor- 
mis is a common food and traditional drug used clinically 
in China as a tonic (Li, 1973). In recent years, the chemi- 
cal structure of the polysaccharides obtained from fruit 
body of T. fuciformis has been found. It is built up of a- 
(1 -^3)-linked D-mannan backbone chain to which /?- 
(1 -^2)-linked D-xylose residues are attached at the C-2 
position (Kakuta et al, 1979; Yui et al, 1995; De Baets 
and Vandamme, 2001). The polysaccharide fractions from 
fruit body of T. fuciformis displayed many physiological 
activities. Gao et al. (1996a, 1996b) reported that it has 
the ability to induce human monocytes to produce inter- 
leukines (IL-1 and IL-6) and tumor necrosis factor in 
vitro. Together with this immunomodulatory effect, the 
polysaccharide fraction composed of acidic and neutral 
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heteroglycans has several pharmacological activites, such 
as hypoglycemic effect (Kiho et al., 1994), anti-tumor 
activity (Ukai et al., 1972; Gao et al., 1997) and hypocho- 
lesterolemic activity (Cheung, 1996). 

Therefore, in this study to confirm usefulness as a pre- 
cautionary agent for a new functional food on Alzheimr's 
disease of T. fuciformis extract, the hot water extract of T. 
fuciformis was tested for nerve growth factor (NGF)-like 
activity and protection form neurotoxicity induced by f3- 
amyloide protein in PC12h cells. 

Materials and Methods 

Materials. Nerve growth factor (NGF, 7S, isolated from 
mouse submandibular gland) was obtained from Sigma 
Chemical Co. (St. Louis, MO, USA) and dissolved in 
phosphate-buffered saline (PBS) containing 0.1% bovine 
serum albumin. Dulbecco's modified minimum essential 
medium (DMEM) was purchased from Nissui (Tokyo, 
Japan), and horse serum, fetal calf serum and kanamycin 
from Gibco BRL (Grand Island, NY. U.S.A). A/? 25-35 
and all other chemicals were obtained from Sigma Chemi- 
cal Co. (St. Louis. Mo. USA). 

Preparation of hot water extract of T. fuciformis. The 

fruiting body of T. fuciformis was imported form Fujian 
Province, China. The dried fruiting body (10 g) was 
ground into powder and then the fifty volumes of dis- 
tilled water was poured in precipitate and extracted at 
100°C for 12hrs. The liquid residue was separated by 
centrifuge at 3,000 rpm for lOmin. After lyophilizing the 
filtrate, approximately 1 .5 g of the water extracts of fruit- 
ing body of T. fuciformis were obtained. 

Cell culture. PC12h cells, a subclone of PC 12 cells iso- 
lated by Dr. Hatanaka (Hatanaka, 1981) and kindly 
donated by Dr. Chiba (Hokuriku University, Japan), were 
grown in DMEM medium supplemented with 5% (v/v) 
horse serum and 5% (v/v) fetal bovine serum in a 
100 mm petri dish under 10% C0 2 at 37°C. 

PC12h cells also undergo certain NGF-responsive cel- 
lular events, including neurite outgrowth and the induc- 
tion of tyrosine hydroxylase activity. PC12h cells are much 
more sensitive to NGF than PC 12 cells (Hatanaka, 1983). 

Assay for neuritogenic activity in PC12h cells. For 

morphological studies, cells were plated in 35 mm culture 
dishes coated with collagen (Type 1, Sigma, U.S.A.) at a 
density of 5><10 4 cells in 2 ml medium per dish. After 
24hrs of culture, the medium was replaced with serum- 
free DMEM/Ham's F12 (1:1) medium supplemented 
with sodium selenate, transferrin, insulin, progesterone, 
and the vehicle or test compound. After 48 hrs, the neuri- 
togenic activity was evaluated by measuring the length of 



the longest neurite of individual cells using an image pro- 
cessor system (Leica Qwin, Germany) attached to a 
phase-contrast microscope. One hundred cells in at least 
10 random fields in two culture dishes were measured, 
with the values averaged. 

Anti neurotoxicity induced by yS-amyloid protein of T. 

fuciformis in PC12h cells. Cells were plated in 96 well 
plates coated with collagen (Type 1, Sigma, U.S.A.) at a 
density of 1 x 10 4 cells per 0.1 ml growth medium. After 
24 hrs of culture, the cells were exposed to low-serum 
containing media (0.5% horse serum and 0.5% fetal 
bovine serum) for 24 hrs, either with or without the test 
compound (the hot water extract of T. fuciformis). The test 
compound was used at concentrations range of 0.1-100 
/jglml. 

5 /jM of /?-amyloid peptide 25-35 (diluted in phos- 
phate buffered saline) was added to the culture media, 
which was then incubated for 60 hrs. The viability of 
PC12h cells was determined using the MTT assay. To 
assess cell viability, /?-amyloid peptide 25-35 containing 
media was aspirated, and the PC12h cells were incubated 
with 3-[4, 5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT, Img/ml) for 4 hrs at 37°C. The MTT 
solution was then aspirated, and the formazan (MTT 
reduction product) was dissolved in 0.1 ml of dimethyl 
sulfoxide and quantified spectrophotometrically at 570 nm 
(reference 650 nm). The viability of the living cells, from 
three independent experiments, was expressed as a per- 
centage of the control. 

Statistical analysis. The data were analyzed using anal- 
ysis of variance (ANOVA) with the SAS statistical pro- 
gram and differences among the means were compared 
using Ducan's multiple range tests. All results were 
expressed as the mean±S.E. of triplicate determination, 
with each experiment repeated 3 times. 

Results and Discussion 

Neuritogenic and neuroprotective effect of T. fuciformis. 

NGF has been reported to induce morphological changes 
in PC12h cells by improving neurite outgrowth (Hatanaka, 
1983). NGF was shown to improve the differentiation of 
PC12h cells in a dose-dependent manner, therefore longer 
neurite outgrowth was observed as the treatment dose 
increased (Fig. 1). After treatment of PC12h cells with the 
hot water extract of T. fuciformis at a concentration range 
of 0.1 and 1 /jg/ml for 48 hrs, the longest neurite length of 
each cell was measured. The average neurite length of 
cells treated with the test compounds are 69.51 ±2.3 /jm 
and 77.84 ± 0.92 //m respectively (Fig. 2). They were sig- 
nificant increase in differentiation (p<0.01) compared to 
the neurite length of the control. When we treated with 
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Fig. 1. Neuritogenesis induced by NGF in PC12h cells (* 200). Scale bar = 50 /an. (a) Control (negative vehicle); (b) NGF 10ng/ 
ml; (c) NGF lOOng/m/. 
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Fig. 2. T. fuciformis induced neuronal differentiation in PC12h cells. (A) Morphological changes induced by NGF and hot water 
extract of T. fuciformis in PC12h cells. Scale bar = 50 /an. (B) Effect of the hot water extract of T. fuciformis on PC12h 
cells neuritogenesis (n= 150). The neurite length was measured as described in the materials and methods. Means with 
different letters are significantly different (p<0.01). Cells were cultured with vehicle (nc), 0.1 jug/ml of NGF or two 
concentrations of test compound (0.1 and 1 jug/ml) for 48 hrs. I) Control (negative vehicle); II) NGF 0.1 /Jg/ml; III) Hot 
water extract of T. fuciformis 0. 1 jug/ml; IV) Hot water extract of T. fuciformis 1 jUg/ml. 



the hot water extract of T. fuciformis less than concentra- 
tion of 0.1 /jg/ml on PC12h cells, there was no significant 
effect (Data not shown). In present study, we investigated 
the neuritogenic effect of T. fuciformis on PC12h cells. 
The hot water extract of T. fuciformis exerts neuronal dif- 
ferentiation activity in PC12h cells by inducing neurite 



outgrowth at low concentration (1 /Jglml) compared to 
other natural substances, such as Angelica gigas, Glycyr- 
rhiza uralensis or Lycium Chinese (Data not shown). 

We reported the neuritogenic activity of genipin con- 
taining fraction from Korean gardenia fruit previously 
(Park et al, 2006). When PC12h cells were treated with 5 
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Fig. 3. Protective effects of the hot water extract of T. 
fuciformis on Ap protein-induced cytotoxicity in PC12h 
cells. Cells were pretreated with or without various 
concentrations (1-100 jug/ml) of the hot water extract 
of T. fuciformis for 24 hrs and then incubated with Ap 
protein (5 uM) for 60 hrs. Cell viability was assessed 
by MTT reduction assay. I) Control (negative vehicle); 
II) Hot water extract of T. fuciformis 100 /Jg/ml; III) 
Hot water extract of T. fuciformis 10 /Jg/ml; IV) Hot 
water extract of T. fuciformis 1 jug/ml. The data are the 
means ± S.E. of three separate experiments performed in 
triplicate. Means with different letters are significantly 
different (p< 0.01). 

jjglml of genipin containing fraction from Korean garde- 
nia fruit, we observed similar neuritogenic activity com- 
pared to 1 jug/ml of hot water extract of T. fuciformis 
(Data not shown). 

When PC12h cells were exposed to /?-amyloid peptide 
25-35 for 60 hrs, the MTT reducing activity was signifi- 
cantly inhibited. Pretreatment of cells with 0.1-100 jug/ml 
of the hot water extract of T. fuciformis for 24 hrs signifi- 
cantly reduced the degree of /?-amyloid peptide-induced 
inhibition of MTT reduction compared to the non-treated 
control at concentrations of 100, 10 and 1 jug/ml (Fig. 3). 
As mentioned above, the oxidative stress induced by f3- 
amyloid was found to be one of the major causes of AD 
pathology. Therefore the free radical scavengers and anti- 
oxidants can reduce the /?-amyloid induced neurotoxicity 
on neuronal cells. Tsai et al. (2003) reported the superox- 
ide- scavenging ability of aqueous extract of Tremella fuci- 
formis. 

These results suggest that T. fuciformis might poten- 
tially be used as a precautionary agent in neurodegenera- 
tive disease, such as Alzheimer's disease, etc. However, 
further studies are required to determine the mechanism 
by which compound induce neurite extension and inhibit 
Ap toxicity in PC12h cells. 
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